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FACTOHS  Ali^CJTIKO  TIIE  POP- 
ABILITY  OF  POP  CORN 


Introduction 

Compared  with  our  leading  crops  pop 
ooxn  is  of  minor  importance  from  the  stsmd- 
points  of  both  world  and  domeetio  production. 
Howerer,  it  holds  an  important  place  in  many 
states,  especially  in  certain  localities. 

The  oensus  report  gives  the  acreage 
of  pop  com  in  1909  for  the  eleven  leading 
pop  com  producing  states,  namely,  loim,  Neh- 
raska,  Illinois,  Kansas,  Ohio,  Michigan,  Calif- 
ornia, Indiana,  New  York,  Minnesota,  and  Wis- 
consin as  11,343  aeres;  valued  at  ^285,286. 
Although  the  average  faxm  usually  grows  a  small 
acreEige  as  high  as  1000  aores  is  reported  as 
heing  grown  by  one  Iowa  producer. 

Pop  com  not  only  furnishes  a  pleas- 
ing treat  during  the  long  winter  evenings  but 
also  gives  a  product  of  considerable  food  value, 
especially  when  served  with  butter  or  prepared 
in  the  many  ways  to  lAiioh  it  lends  itself. 


Due  to  the  above  facta  and  the 
limited  work  done  on  factors  affecting  the 
pop-ability  the  author  in  ohooslng  this  topic 
felt  that  there  was  a  need  for  reeearoh  on 
this  Bubjeot. 


HISTORICAL 
Theory  of  Popping 

Brewer  (1)  has  shown  In  his  work  that 
the  oil  content  is  not  a  faotor  in  determining 
pop-ability  as  was  generally  'believed.    He  con- 
tended that  "the  popping  is  apparently  due  to 
the  bursting  of  the  starch  grains.    Only  the 
flinty  types  *pop'.    These  are  more  compact  in 
structure,  and  as  the  staroh  grains  expand  with 
the  heat  the  hard  exterior  is  burst". 

Kraemer  (5)  states  that  the  structur- 
al characteristics  of  the  starch  grains  in  the 
altered  areas  of  the  different  pop  corns  would 
seem  to  indicate  that  the  popping  of  the  grain 
of  com  results  from  the  expansion  of  the  in- 
dividual starch  grains,  the  degree  of  expansion 
depending  upon  the  relative  amotint  of  water  and 
air  in  the  grains.    As  an  illustration  of  this 
he  states  that  perfectly  fresh  pop  corn  or  pop 
com  that  has  been  soaked  in  water  for  twenty 
four  hours  will  pop  but  little  in  the  true  sense 
of  the  word.    On  the  other  hand,  a  pop  com  which 


was  seven  yeara  old,  but  had  not  lost  its 
germinating  power,  would  not  pop  unless  first 
soaked  in  water  and  then  allowed  to  dry  from 
four  to  twelve  hours.    That  this  property  prob- 
ably resides  in  the  staroh  grain  is  further 
shown  by  the  fact  that  individual  pieces  of  the 
pop  com  kernel  will  pop, 

Storer  (8)  after  experimenting  on 
kernel  treatments  concludes  "that  the  skin  of 
the  grain  exerts  a  very  decided  influence  on 
the  act  of  popping.    It  would  appear,  indeed, 
that  both  the  structure  of  the  individual  staroh 
grains  in  the  kernel  and  the  toughness  of  the 
restraining  skin  which  envelopes  the  kernel, 
aot  to  control  or  modify  the  manner  in  which 
the  moisture  in  the  staroh  grains  ifiien  sudden- 
ly heated  io  converted  into  steam  of  such  high 
tension  that  the  explosive  act  of  popping  re- 
sults, whereby  both  the  skin  of  the  seed  itself 
and  the  envelopes  of  most  of  the  starch  grains 
in  the  seed  are  ruptured".    He  also  disproved 
the  opinion  that  popping  is  due  to  the  presence 
of  oil  in  the  grain. 


Wilbert  (10)  from  obBervation  and 
experiment  concluded  that  the  popping  of  pop 
com  is  caused  by  the  expansion  of  moisture  in 
the  starch  cells  and  based  his  conclusions  on 
the  following  grounds,  namely,  that  "old  and 
dry  com  did  not  pop  readily".    Such  com  will 
at  best  only  split  open  from  a  number  of  cells 
near  the  center  of  the  com  kernel.    If  the 
application  of  heat  be  made  slowly,  it  is  possible 
to  dry  the  kernels  of  com,  parch  and  even  char 
them  without  rupturing  the  outer  coat  in  any 
way.    It  was  also  noted  that  at  the  base  of 
the  kemels,  or  at  the  point  of  attachment  to 
the  cob,  the  cells  are  less  compact  and  are 
seldom,  if  ever,  ruptured  by  the  generated  steam. 
It  is  from  this  point  too  that  the  kemels  of 
com  appear  to  dry  most  rapidly.    The  bearing 
of  this  point  on  the  theory  that  popping  is  caus- 
ed by  an  explosion  of  steam  is  found  in  the 
fact  that  pop  com  invariably  bursts  first  at 
the  densest  portion  of  the  kernel,  and  never  at 
or  near  its  base  or  point  of  attachment.  When 
old  and  dry  com  was  soaked  for  twelve  hours  and 
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then  dried  for  an  equal  time  It  did  not  pop 
well*    If  kernels  were  allowed  to  dry  on  the 
aurfaoe  for  twenty  four  hours  longer  the  re- 
sulting kernels  of  pop  com  were  not  only 
very  large,  light  and  flaky  hut  had  ahsolutely 
no  suggeetion  of  toughnees. 

Factors  Affedting  the  Pop-ability 

Hartley  and  Sillier  (3)  state  that 
pop  pom  pops  beet  if  it  contains  about  12f<> 
moisttjre,  with  not  too  much  com  in  the  popper 
or  about  one  kernel  deep.    The  right  degree  of 
heat  for  the  best  reaulte  in  popping  should 
make  good  com  begin  to  pop  in  one  and  a  half 
minutes.    This  should  give  maximum  voluoie  in- 
crease in  popping. 

Hartley  sind  Villier  (3)  give  two 
main  factors  as  influencing  the  quality,  and 
physical  conditions.     "Careful  teftts  have 
shown  that  the  pollination  of  white  pop  com 
with  pollen  from  yellow  fielr?  com  affeots  the 
flavor,  texture,  and  color  of  the  popped  kemels 
that  were  cross-pollinated.    To  give  satisfactory 
results  in  popping,  com  should  ripen  fully  on 
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the  standing  stalk  before  frost  comes  and 
should  then  tie  stored  where  it  will  have 
sufficient  ventilation,  so  it  will  not  heat 
in  curing.    The  kernels  should  be  practically 
free  from  soft  white  matter  in  the  endosperm". 

The  New  Jersey  Agricultural  Experiment 
Station  (7)  states  that  there  are  many  factors 
which  enter  into  the  study  of  pop-ahility, 
some  within  and  others  without  the  grain.  Por 
exeunple  the  moisture  content  is  very  important, 
grains  can  he  too  dry  as  well  as  too  moist  for 
the  best  results.    Tests  with  variously  cut  and 
filed  kernels  show  that  any  interference  with 
the  corneous  envelope  produce  a  weak  place  and 
prevents  the  full  explosion  caused  by  the  heat. 
Degree  of  maturity  influences  the  pop-ability. 
To  determine  this  several  stalks  bearing  three 
;        ears  each  were  cut  at  various  stages  of  their 
ear  development  so  that  a  wide  range  of  matur- 
ity in  the  grains  were  obtained.    One  hundred 
grains  were  selected  from  each  of  a  set  of  three 
ears  from  the  same  stalk.    Five  additional  sets 


of  three  ears  eaoh,  100  grains  for  each  popping, 
were  also  tested.    The  results  show  that  the 
oldest  ears  gave  a  muoh  larger  percent  of  fully 
popped  grains  than  the  intermediate  and  least 
mature  ears.    In  like  manner  the  largest  degree 
of  pop-ability  is  associated  with  the  heaviest 
grains  and  grestest  specific  gravity.    A  test 
for  the  Influence  of  shape  of  grain  upon  pop- 
ability  was  made  in  connection  with  size  and 
dentedness.    The  grains  were  selected  from  a 
cross  of  "Golden  Queen"  with  "Voorhees  Stowell". 
The  tests  show  that  the  shape  whether  roxind, 
flat  or  dented,  determines  the  pop-ability  in 
the  cross  much  more  than  size.    TOiile  there  is 
a  great  difference  due  to  size  those  results 
also  show  that  crosses  between  pop  suid  sweet 
com,  even  when  the  grains  selected  are  small, 
are  not  possessed  of  a  high  degree  of  pop- 
ability.     It  is  also  possible  that  the  smaller 
grains  may  be  less  mature  than  the  larger  ones 
being  taken  from  nearer  the  tip  of  the  ear. 
Position  of  grains  on  the  ear  have  an  influence 


on  pop-ability,  grains  Just  above  the  butt 

Bone  are  the  first  to  foim,  largest  and  best  for 

planting. 

Storer  (8)  conducted  testa  to  deter- 
mine the  influence  of  skin  on  the  popping  of 
the  kernels  and  the  popping  qualities  of  differ- 
ent parts  of  the  kernel.    Skinned  kernels  merely 
swelled  to  a  slight  degree  but  they  did  not  pop. 
^en  kernels  not  skinned  were  out  in  two  cross- 
wise, the  halves  nearest  the  cob  end  did  not 
pop,  T^ile  the  outer  halves  popped  readily. 
Tfhen  the  skin  was  removed,  neither  portion  would 
pop.    "When  the  kernels  were  cut  in  two  length- 
wise, both  parts  popped  readily,    ^^en  unskinned 
kernels  cut  into  quarters  were  tested  it  was 
found  that  none  of  the  quarters  from  the  cob 
end  would  pop.    Some  of  the  quarters  from  the 
outer  end  of  the  grain  popped,  though  other 
specimens  would  not.    When  cut  into  halves  cross- 
wise, soaked  in  ether  for  five  days,  and  dried, 
the  halves  which  came  from  the  pointed  end  of 
the  kernels  popped  successfully  while  none  of 
those  from  the  inner  end  would  pop.    When  the 
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Bkins  were  remoTed  and  the  kernels  were  soak- 
ed in  ether  three  or  four  days  and  dried,  no 
success  was  met  with  on  trying  to  pop  them. 
•It  is  plain  from  the  foregoing  trials",  the 
author  states,  "that  the  skin  of  the  grain  ex- 
erts a  very  decided  influence  on  the  act  of 
popping." 

Changes  in  Popping 

Hartley  and  VTillier  (3)  say  that  good 
grades  of  pop  com  increase  in  volume  from  12 
to  20  times  in  popping.    In  popping  there  is  7 

to  25%  waste. 

Wilhert  (10).  as  regards  the  loss  of 
weight  in  popping,  noted  that  100  kernels  of  whole 
or  unpopped  com  weighed  13  grams,  the  same 
quantity  partially  popped  11  grams,  fully  popped 
9.2  grams,  and  dried  and  parched  7.5  grams. 

Storer  (8)  in  experiments  "To  determine 
whether  popped  com  contains  any  more  soluhle 
starch  or  other  foms  of  dextrin,  than  is  con- 
tained in  the  original  grain"  found  that  the 
ajkount  of  water  soluble  material  was  ahout  the 
same  in  popped  and  unpopped  corn,  being  19.3^ 
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in  the  popped  corn  and  21.12^  in  the  unpopped 
com  on  the  dry  matter  basis.    Teats  with  oupric 
oxide  showed  that  no  more  than  mere  traces  of 
reducing  material  were  present  in  either  the 
popped  or  vmpopped  samples.    The  tests  made  to 
deteimine  whether  soluble  starch  is  formed  by 
popping  gave  negative  results.    The  author  further 
states  that  after  the  act  of  popping  less  hygro- 
soopio  moisture  was  retained  by  the  com  than 
was  contained  naturally,  that  is,  before  popping. 
Thus,  on  drying  at  95  to  100  degrees  centigrade 
samples  of  the  meal  from  popped  and  unpopped 
com,  it  appeared  that  the  popped  com  contain- 
ed 7.45  per  cent  of  moisture,  while  the  unpopped 
com  held  12.13  per  cent.    The  Tenth  United  States 
Census  (8)  shows  that  the  principal  change  brought 
about  by  popping  was  a  considerable  loss  of  water 
due  to  the  evaporation  of  moisture  by  the  heat 
employed. 
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PnKP0B?5S  07  TKE  INVJSSTIOATION 
General 

1.    To  check  some  of  the  work  already 
done  and  to  aubmit  data  and  photographs  instead 
Of  statements,  which  have  often  been  advanced 
without  auffioient  experimental  evidence. 

2.    To  investigate  new  phases  that 
misht  he  of  scientific  interest  and  practical 
value. 

Specific 

To  study  the  following  factors  in 
relation  to  their  effects  on  pop-ahility: 

1.  Moisture 

2.  Age 

3.  Maturity 

4.  Kernel  treatments 

5.  Si7.e 

6.  Freezing 
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BXPERIMENTAL 
UethodB 
Uolstur*  Determination 

The  moisture  content  was  determined 
"by  the  Broim -Duval  method  and  by  heating  in 
an  electric  oven  at  100  -  105  degrees  centigrade 
until  veight  was  constant,  or  about  96  hours. 
As  a  cheek  the  samples  that  had  been  dried  in 
the  oren  were  ran  in  the  Brown-Duval  tester 
but  there  v/as  no  moisture  driven  off.    Five  50  - 
gram  samples  of  a  composite  lot  were  run  in 
each  case  with  the  following  results: 

Brown-Duval  Method  Heated  in  Electric 

Oven  at  100  degrees  C 

Sample  Per  cent  Average  Sample  Per  cent  Average 

Number  Ifoisture  Per  cenit  Number  Moisture  Per  cent 

Moisture  Moisture 

1  9.0  1  11.24 

8  9.2  2  11.77 

8  8.6  8,4  Z        .270        3  11.96       11.52  ♦  .118 

4  6.8  4  11.41 

8  8.4  5  11.20 

Note:    The  probable  error  of  the  mean  in  this  and  all  other 
experiments  cited  in  this  article  was  calculated  by  means 
of  Peter's  approximation  formula,  given  by  Mellor  (1913)  (6), 
The  probable  error  of  the  mean  is  0.8453  E(*v) .  in  which 

vTlh-TT) 

SC^v)  is  the  8\im  of  the  deviations  of  all  the  individuals 
from  the  mean,  without  regard  to  the  sign,  and  a 
number  of  individuals.     If  the  difference  between  means  is 
3.8  times  its  probable  error,  the  chance  is  30  to  1  (Wood 
and  Stratton,  1910  (ll)  that  the  difference  is  significant. 
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Conolusions: 

Prom  the  alsove  data  the  electric  oven 
method  proved  to  drive  off  the  greater  percentage 
of  moisture  ae  well  as  checking  more  closely. 
For  this  reason  throughout  the  entire  work  the 
latter  method  of  moisture  determination  was  used* 
lioisture  determinations  were  on  the  dry  basis  in 
all  cases. 

Popping 

The  popping  was  done  over  three  gas 
humers,  on  a  steel  plate  supported  by  four 
tripods  (a).     In  each  case  the  flames  were 
regixlated  to  the  same  height  in  order  to  obtain 
the  same  heat.    The  ordinary  wire  popper  as 
found  on  the  market  was  used. 

Type  of  Com  Used 
A  local  improved  type  of  Rice  of 
rather  large  size  (b).    In  each  case  special 
care  was  used  to  seleot  the  best,  discarding 
cracked,  diseased  or  otherwise  damaged  ears  or 
kernels. 

(a)  Plate  1 

(b)  Plate  2 
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Sxperiment  X 
Moisture  as  Affecting  Pop-ability 

In  order  to  obtain  a  'wide  range  of 
moisture  contents  all  samples  were  soaked  an 
equal  length  of  time  {2-J-  hrs.)  in  water  at 
18*  to  20°C.    Then  to  obtain  the  range  of  moist- 
ure they  were  dried,  at  first  in  air  and  later 
in  the  electric  oven  at  such  temperature  as 
necessary  to  bring  the  samples  do^  to  re- 
quired moisture  range.    As  far  aa  possible  a 
range  of  two  per  cent  moisture  was  obtained. 
For  popping  samples  of  twenty  grams  each  were 
used. 

From  Table  I,  it  may  be  seen  that  at 
1.85^  of  moisture  no  popping  whatever  occurred, 
not  even  a  cracking  except  in  case  of  a  very 
few  kernels.    At  and  above  Z.A5^  some  in  each 
case  partially  popped.    Kone  would  pop  fully 
below  7.53J^  or  above  23.75^. 

Referring  to  Chart  I,  it  may  be  seen 
that  the  maximian  volume  percentage  increase  in 
popping  took  place  at  11.89/"  moisture,  the 
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Table  I 


Moistuie  as  affecting  pop-ability 
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250.0 

293.4 

* 

41 .62 

IS 

7.96 

135 

13.33 

8.15 

57  .04 

21  .48 

0.0 

2 

- 

20 

9.63 

165 

450.0 

19 

7  .40 

♦  0.086 

136 

8.82 

41.18 

33.82 

16.18 

0.0 

3 

0 

8.07 

95 

217.0 

20 

7 .23 

133 

3.01 

42.10 

35.34 

19.55 

0.0 

3 

0 

7  .90 

80 

167.0 

21 

9.52 

134 

28.36 

8.96 

48.51 

14.18 

0.0 

3 

0 

10.85 

190 

533.0 

zx 

9.35 

9.37 

133 

19.55 

27.03 

11 .28 

57.14 

12.03 

0.0 

3 

30 

10 .85 

165 

189 

450.0 

529.8 

4 

18.09 

23 

9.40 

129 

34.88 

10.08 

44.19 

10.85 

0.0 

2 

30 

10.62 

205 

583.0 

24 

9.35 

!  0.029 

136 

27.94 

15.44 

45.59 

11.03 

0.0 

3 

30 

10.41 

180 

500.0 

26 

9.24 

135 

24  .44 

8.15 

59  .26 

8.15 

0.0 

2 

30 

10.80 

205 

583.0 

26 

11.98 

136 

47.06 

11.03 

28.68 

13.23 

0.0. 

2 

10 

12.59 

215 

617.0 

a? 

11.85 

11.89 

134 

55.97 

50.48 

4.48 

29.85 

9.70 

0.0 

2 

20 

13.36 

245 

233 

717.0 

677.0 

4 

21.98 

86 

11.80 

133 

59.39 

0.75 

31.58 

7.52 

0.75 

2 

10 

13.30 

260 

767.0 

29 

11.85     I  0.027 

136 

42.65 

5.88 

36.76 

14.71 

0.0 

2 

30 

12.69 

215 

617.0 

30 

11 .96 

131 

47.33 

5.34 

36.64 

10.69 

0.0 

2 

25 

13.19 

230 

667.0 
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Table  I  «ontlnuB  d 


Moistuie  as  af oting  pop-ability 


Saaple  Ife  roe  nt    Ana  ra^     !fe  me  Is 
nuBte  r  aoistuie  pe  rse  nt    nuabe  r 
■oistui9  total 


Ife  roe  nt  Afs  racp      rcent  "ft  roe  nt    ft  roe  nt 
fully     peroent    not      partially  oraeked 
popped    fully    ^raolf^d    popped  longitud- 
popped  inally 


Peroent  Popping 
oraolcid  tifl^ 
cross-  Bin.ses. 
wise 


B9r*nt    Total  Ater-  Vol.  Aier- 
ight       Tol.    agB  per-  age  rol. 
loss  in    CO      Tol.  oBnt  psroent 
popping               CC      in-  in- 
 ore  asB  cieasB 


31 

13  .69 

136 

A  W  V 

55.15 

5.15 

20.59 

19.12 

0 .0 

2 

10 

14  .86 

250 

f  WW  •  V 

4 

32 

11.98 

13.92 

132 

46.97 

47.25 

12.88 

28.79 

11.36 

0.0 

2 

- 

20 

14.23 

245 

225 

717.0 

649.8 

33 

13.98 

139 

51.80 

16.56 

18.71 

12.95 

0.0 

2 

- 

10 

13.48 

250 

733.0 

34 

13.98 

f  0.039 

135 

25.19 

60.00 

4.44 

8.89 

1.48 

2 

- 

10 

9.30 

115(1) 

283.0 

36 

13.98 

133 

57.14 

15.04 

15.79 

11.28 

0.75 

2 

- 

10 

13.43 

265 

783.0 

if* 

1 42 

1  9  .AA 
*  oo 

X  V  . 

32  39 

4  .93 

2 

n 

V 

X^ 

X^w 

OUvJ  .u 

* 

37 

15.64 

15.38 

138 

17.39 

20.37 

29.71 

28.99 

19.56 

4.35 

2 

0 

12.58 

130 

143 

333.0 

376.4 

38 

15.97 

136 

24.26 

16.91 

33.09 

25.00 

0.74 

2 

0 

13.61 

160 

433  .0 

39 

14.47 

Z  0.191 

133 

21.05 

9.77 

33.08 

30.08 

6.02 

2 

- 

10 

13.86 

145 

383.0 

40 

15.14 

136 

26.47 

11.03 

36.76 

22.79 

2.94 

2 

10 

14.11 

160 

433.0 

17  .»7 

lo« 

11  .36 

12  .88 

39  .39 

oO  .30 

6  .06 

o 
d 

10 

17  .25 

125 

317.0 

42 

17*97 

17.84 

137 

8.76 

12.17 

5.11 

49.63 

32.12 

4.38 

2 

20 

18.09 

125 

136 

317  .0 

353.6 

43 

17.97 

134 

14.18 

22.39 

38.06 

19.40 

5.97 

2 

0 

15.47 

125 

317  .0 

44 

17.64 

-  0.066 

135 

8.89 

15.56 

47.41 

23.70 

4.44 

2 

0 

15.80 

135 

350.0 

45 

17.64 

136 

17.65 

16  .18 

38.97 

22.04 

5.15 

2 

0 

15.75 

170 

467  .0 

46 

19.87 

127 

6.30 

18.11 

29.92 

34.64 

11.02 

2 

20 

16.25 

85 

183.0 

47 

19.76 

19.82 

137 

3.65 

4  .64 

24.82 

32.12 

30.66 

8.76 

2 

20 

15.85 

85 

85 

183.0 

183.0 

48 

19.98 

135 

5.93 

25.93 

23.70 

34.81 

9.63 

2 

20 

15.70 

85 

183.0 

49 

19.48 

Z  0.069 

135 

3.70 

27.41 

35.56 

52.22 

11.11 

2 

20 

16.14 

85 

183.0 

50 

20.03 

138 

3.62 

19.56 

32.61 

31  .16 

13.04 

2 

20 

15.57 

85 

183.0 

51 

21.94 

135 

1.48 

18.52 

41 .48 

re.  89 

9.63 

2 

20 

17.93 

90 

200.0 

52 

21.81 

21.81 

134 

3.73 

2.80 

20.15 

41 .79 

23.88 

10.45 

2 

20 

17.56 

85 

80 

183.0 

166.6 

53 

21.70 

134 

2.24 

25.37 

31.34 

30.60 

10.45 

2 

20 

18.20 

75 

150.0 

54 

21.73 

-  0.033 

142 

2.11 

35.92 

23.24 

27  .46 

11.27 

2 

20 

16.61 

70 

133.0 

55 

21.89 

135 

4.44 

16.30 

29.63 

35.56 

14.07 

2 

20 

17.16 

80 

167.0 

56 

23.72 

136 

2.94 

30.88 

27  .21 

27.94 

11.03 

2 

20 

18.70 

70 

133.0 

f 

57 

23.98 

23.75 

134 

2.99 

3.13 

17.16 

43.28 

29.10 

7.46 

2 

20 

20.65 

95 

89 

217.0 

196.6 

58 

23.72 

134 

3.73 

10.45 

44.78 

33.58 

7.46 

2 

20 

20.44 

105 

250.0 

59 

23.51 

!  0.049 

132 

3.C9 

13.64 

37.12 

31.82 

13.64 

2 

20 

19.22 

85 

183.0 

60 

23.80 

136 

2.21 

16.18 

44.12 

28.68 

8.82 

2 

20 

19.36 

90 

200.0 

2.10 


20.25 


19.17 


0.0 


8.49 


13.05 


(l)  Hot  flguxed  in  probable  error 
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Moistuitt  aa  a^f^otin^  pop-ability 


Tablo   I  oontlnued 


8anp]9  Be  r<»  nt    Ate  Tt  It 

nuBber  aoiatuia  per^nt  number 
■oiatuie  total 


1%  roB  nt  Ate  raigs  Tfe  rca  nt  B  rae  nt    T*  reP  nt 
fully      psrofsnt      not    partially  oracle  d 
pcpi^  d      fully  craol^  d    popped  longitud- 
popi^  d  inally 


Tte  roe  nt  Popping 
Oracle  d  tiar 
erosa-    Bin.  m9> 

Wi9 


I^roent  Total  Ater-  Vol.  Ater- 
*e  ight      vol .    a0)     pe  r-  ago  toI  . 
loss  in    CC    Tol*      cent  percent 
popping             CC     in-  in- 
 CTC  a«B  exe  aa» 


61 

25.90 

135 

0.0 

16  .30 

42  .96 

27  .41 

13  .33 

2 

2C 

21.61 

76 

150.0 

62 

25. M 

25.60 

134 

0.0 

c 

.0 

£0.15 

35.07 

30.60 

14.18 

2 

20 

19.87 

75 

77 

150.0 

156 .8 

63 

25.10 

132 

0.0 

15.90 

:S5.61 

40.15 

8.33 

2 

- 

20 

21.51 

80 

167.0 

64 

25.93 

— 

0.105 

136 

0*0 

22  .04 

38  .50 

25.00 

15.44 

2 

— 

20 

20  .48 

75 

150.0 

69 

25.54 

137 

0.0 

26.47 

37  .96 

27  .74 

5.84 

2 

— 

20 

19.81 

80 

167.0 

66 

26. S2 

izi 

0.0 

23  .36 

28.47 

xn  ^o 

16  .79 

A 

90 

21  .48 

65 

117  .0 

67 

27.16 

27  .47 

137 

0.0 

0 

•0 

23.02 

40.29 

24.46 

12.25 

2 

30 

22.77 

80 

76 

167.0 

153.4 

68 

27.77 

133 

0.0 

16.80 

39.10 

30.83 

11.28 

2 

- 

30 

22.58 

76 

15G.0 

69 

^7  .71 

O.lol 

loo 

0  .0 

Zo  .70 

ID.oo 

id 

• 

x/\ 
30 

da  .30 

75 

150.0 

70 

^7.00 

14fl 

0.0 

icO  •07 

.7^ 

O  A  OO 

14  .ov 

« 

30 

d,A  .^^6 

65 

189  .0 

71 

0.0 

15.90 

46  .97 

Oil  fiA 

lc4  .<c4 

1<^  .8e 

« 

30 

ox  ao 
23  .69 

80 

167  .0 

72 

29.60 

29.66 

134 

0.0 

0 

.0 

20.14 

35.82 

32.09 

11.94 

2 

30 

24.37 

70 

73 

133.0 

143.2 

73 

30.00 

129 

0.0 

24.03 

41.86 

20.93 

13.18 

2 

- 

30 

23.143 

70 

133.0 

74 

29  .92 

0  .130 

137 

0*0 

23.36 

41  .61 

21  .90 

13.14 

2 

30 

25  .19 

75 

150.0 

70 

29.69 

134 

0.0 

20.89 

40  .30 

25.37 

13  .49 

— 

30 

24  .23 

70 

133.0 

76 

30*05 

135 

0.0 

26.67 

37.04 

25  .93 

10 .37 

2 

— 

40 

^*A       A  A 

29  .48 

70 

133  .0 

77 

00.47 

ol  .00 

lo5 

0.0 

0.0 

20.74 

A2.  .96 

OO  GM 

ZZ  .96 

lo  .33 

« 

il  o 

40 

BO 

7  c 

167  .0 

140  .0 

78 

31.27 

136 

0.0 

25.73 

41  .18 

22.04 

11.03 

2 

40 

25.10 

70 

133.0 

79 

31.80 

0.267 

137 

0.0 

29.20 

40.88 

21.17 

8.76 

2 

50 

23.73 

69 

117.0 

80 

31.67 

133 

0.0 

24.06 

40.60 

24.06 

11.28 

2 

50 

25.33 

75 

150.0 

61 

33.95 

132 

0.0 

27  .27 

31.06 

28.79 

12.68 

2 

50 

26.43 

60 

100.0 

82 

33.95 

33.78 

139 

0.0 

0 

.0 

28.06 

25.90 

28.78 

17.27 

2 

40 

26.68 

60 

62 

100.0 

106.6 

83 

33.40 

133 

0.0 

27.82 

24.81 

35.34 

12.03 

2 

50 

26.46 

55 

83.0 

84 

33.91 

* 

0.079 

133 

0.0 

24.81 

32.33 

26.32 

16.54 

2 

50 

25.73 

69 

117.0 

8S 

33.69 

133 

0.0 

24.06 

37.59 

31.58 

6.77 

2 

50 

26.62 

70 

133.0 

66 

35.36 

133 

0.0 

31.58 

38.35 

20.30 

9.77 

2 

50 

26.91 

69 

117.0 

87 

35.56 

35.63 

132 

0.0 

0 

.0 

23.48 

43,18 

21.97 

11.36 

2 

50 

28.60 

69 

63 

117.0 

110.2 

88 

35.85 

138 

0.0 

28.26 

31.16 

28.26 

12  .32 

2 

50 

27.34 

60 

100.0 

69 

35.58 

0.066 

137 

0.0 

21.17 

35.04 

30.66 

13.14 

2 

50 

29.18 

69 

117.0 

90 

35.80 

136 

0.0 

35.29 

32.35 

22.79 

9.56 

2 

60 

25.84 

60 

100.0 

-  3.49 


Z  7.30 


'  5.17 


t  6.26 


-  6.22 


I  3.49 
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Volatuie  as  afl&  oting  pop-ability 


Tabl^  I  aontit»»  d 


SaaplB  nt    Ate  ra|p     Kb  rr^  Is      roB  nt  Aft  rag»      tob  nt  'Bt  rod  nt    £c  roe  nt 

niuibsr  aoistuxe  psro^nt    ntutbe  r      fully    lercent    not      partially  er&olrd 
Boistuxe     total    popped      fully  oraol^  d    popi*d  longitud- 

poppB  d  inally 


■Perwnt  Popping    Tteroent  Total  Afor-  Vol.  Ater- 
oraole  d                     ight    *ol .      ag»     jc  r-  a«^  yoI  . 
oroas-               losa  in     CC     toI.    osnt  p&roant 
wiae     ttin.aee.  popping            CC       in-  in- 
 oieaae  ci^aaB 


91 

37 .79 

134 

0,0 

27  .61 

26*36 

31.34 

12*69 

2 

50 

28*65 

60 

100*0 

92 

37,04 

37  .74 

132 

0*0 

0 

.0 

24  .24 

41.66 

21.21 

12*86 

2 

40 

30.26 

70 

63 

133*0 

110.0 

6  .26 

93 

37*52 

132 

0*0 

27  .27 

42.42 

19.70 

10*61 

2 

60 

29*GC 

65 

117  *0 

94 

37  •74 

♦  0*035 

132 

0*0 

25.76 

33*33 

28.03 

12.88 

3 

0 

29.65 

55 

82  .0 

95 

37.79 

132 

0*0 

21.97 

40*15 

26.76 

12.12 

2 

- 

50 

28.94 

65 

117*0 

OH 

30.72 

WW  .  f  A 

AWW 

ft  -O 
w  *W 

■^o  ,so 

W  A  *  WW 

f^fCt  .  wo 

'^2.59 

11  .MS 

4^JL  .wW 

2 

50 

WW 

27  .  fi7 

SO 

WW 

<<7  .ft 

w  f 

wW  .VO 

WW  •Ow 

1  9A 

n  ft 

0 

.0 

I  •w^ 

wX  w 

PA  .PP 

X  1  .Xw 

w 

A 
w 

oO  f 

W  'J 

uX 

117  ft 
X  X  /  *  w 

XUw  .O 

— 

Jt  AA 
O  *oU 

«Q  no 

X^w 

u  .u 

£-0  cwO 

<s&  .0% 

ica  .ico 

»  .  f  w 

"9, 
w 

A 
\J 

Aft 

D  w 

11  ^  -ft 
XX  f  •\J 

QO 

Ow  .Oo 

^  O.UwU 

Xw4' 

A  A 

u  *o 

.x<c 

wO  .Or 

Oft  an 

XU  w 

»> 

>^ft 

PQ  QQ 

O  w 

1  1  •»  A 

XX  f  •yj 

AW 

X«3* 

ft  _ft 

i^O  •*>  r 

W  W  •  '  J  f 

«  r  .OX 

11  .04 

XX  •  W^ 

P 

C* 

WW 

^  W  •  WW 

WW 

1  Aft  .A 
X  V/w  .  w 

101 

41.73 

134 

0*0 

19.40 

41.04 

r9.io 

10.45 

3 

0 

33.66 

65 

117.0 

102 

41  .90 

41.80 

137 

0.0 

0*0 

23  .36 

43.80 

^4.62 

8.03 

2 

50 

32  .16 

65 

65 

117.0 

115.8 

♦ 

2*84 

103 

42.04 

135 

0.0 

24*44 

39.26 

26.19 

11  .11 

3 

0 

32.30 

65 

117.0 

104 

41.85 

t  0*067 

133 

0.0 

13*80 

43.61 

?7*07 

10.52 

2 

50 

32  .11 

70 

133.0 

105 

41.46 

136 

0*0 

25.93 

36.56 

28.89 

9.63 

3 

0 

34  .32 

60 

100*0 

106 

43.91 

136 

0.0 

20.00 

42.96 

71  .85 

6.19 

2 

60 

33.62 

65 

117  .0 

107 

43.74 

43.80 

131 

0.0 

0 

.0 

19*85 

41.22 

31*30 

7.63 

2 

50 

34  .34 

65 

63 

117.0 

110.0 

•• 

6.26 

loa 

43.92 

136 

0*0 

20.29 

36*96 

.10*43 

12.32 

3 

10 

34.66 

60 

100*0 

109 

43.86 

2  0.048 

132 

0.0 

28.79 

31.06 

20  ^30 

9.85 

2 

40 

29.76 

55 

83*0 

110 

43.58 

136 

0*0 

19.86 

52.94 

19.86 

7.35 

2 

50 

33*96 

70 

133.0 

111 

45.03 

134 

0.0 

24  .63 

37.31 

22.09 

5.97 

w 

C 

36*12 

60 

100.0 

112 

45.63 

45.99 

134 

0*0 

0 

•0 

23  *13 

46.27 

2£*39 

6.24 

3 

0 

35.00 

65 

60 

117  .0 

100.0 

♦ 

2*87 

113 

47.54 

132 

0*0 

26*52 

34.85 

£8.03 

10.60 

3 

0 

^6.65 

60 

100*0 

114 

45.95 

1  0*262 

134 

0.0 

23*13 

41.79 

£6*66 

8.21 

3 

20 

35.93 

60 

100*0 

115 

45.80 

136 

0.0 

29  .41 

38*97 

57  *21 

4.41 

3 

0 

33*56 

56 

83.0 
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volme  porcentaige  deoreasing  rapidly  as  the 
percentage  of  moisture  increased  above  14^ 
or  decreased  below  12%, 

An  idea  of  the  inoreace  or  decrease 
in  volume  as  the  moisture  increases  or  de- 
creases may  be  obtained  from  Plate  III  and  IlX-a. 

This  work  is  in  accordance  with  pre- 
vious work  of  Hartley  and  Willier  (3)  in  that 
they  found  that  pop  com  popped  best  at  twelve 
per  cent  moisture.    It  further  shows  that  the 
right  per  cent  of  moisture  is  an  essential 
factor  for  the  best  pop-ability  and  that  the 
optiiiitsn  moisture  for  popping  varies  within  a 
few  peroent  more  or  less  than  twelve. 

Experiment  IZ 

Moisture  as  Affecting  Pop-ability  in 
New  Com  Artificially  Dried 

Newly  harvested  com  was  dried  at 
52°  C.  for  the  time  necessary  to  obtain  the 
range  of  moisture  as  given  in  Table  II.  Samples 
of  twenty  grams  were  used  for  popping  in  each  case. 

The  table  shows  that  at  28.58;^  moist- 
ure only  a  cracking  of  a  portion  of  the  kernels 
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Koistttxa  a»  af fb  oting  pop>abilitj  in  r»«  eora  artlfieially  driff  d 

TablP  II 


SanpliB  Drying  Iter<*:nt    Afe  ra^s     B»ri»l8  PeroBnt  Ay^mffi  A^ra^  M^ra^^     A-^e  rugs     A-vera^e  Popping    Ife  r*  nt  Total  Atsr-      Vol.pBr-  Aw  ra^ 
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took  plaoe;  at  20.52%  a  few  kernels  partially 
popped;  iriiile  at  18.30^  a  few  kernels  popped 
fully.     It  agrees  with  Table  1  in  that  the 
highest  volume  percentage  increase  was  at  arotind 
12%  moisture  with  a  marked  decrease  as  the  per 
cent  of  moiature  increased  or  decreased.  The 
above  faot»  are  further  illustrated  by  Chart 
II  and  Plate  IV. 

Experiment  III 

Age  and  Moisture  as  Affecting 
Pop-ability 

A  composite  sample  from  newly  harvest- 
ed com  was  selected  at  harvest  time.    Out  of 
this  lot  two  samples  of  twenty  grams  each  were 
taken  and  allowed  to  dry  slowly  in  air  until 
at  the  desired  percentage  of  moisture  for  popping. 
After  three  days  or  on  October  6th  the  desired 
moisture  content  was  reached  and  the  corn  was 
popped.    Other  sampleo  of  twenty  grama  eaoh  were 
selected  frou  tliis  composite  lot  (irtiioh  was 
stored  in  a  room  where  very  gradual  drying  took 
plaoa)  at  intervals  of  ten  days,  from  October 
Srd  until  February  19th.     After  the  latter  data 
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the  iBoiature  oontent  fluctuated  with  ataospher- 
lo  conditions.    On  Karoh.  ISth  Bsmplas  taken 
from  the  sarae  aosiposite  lot  wore  dried  dom 
artifioially  to  two  porcent  of  moisture,  tliere- 
hy  haviiiG  a  range  of  2  to  34.20^  as  in  case  of 
tlie  nowly  harvested  com.    Since  throxigliout 
thia  period  there  were  t'xo  -varia-ole  factors, 
namely,  moisture  and  age,  ssanpleB  from  the 
same  composite  lot  were  first  soaked  for  one 
hour  (except  the  check)  and  dried  to  a  moist- 
ure percentage  oorrecponding  to  four  points  with- 
in the  natural  drying  period,  namely,  Octolier 
6th.  to  Pebruars'  Sth. 

It  may  "be  soon  from  Chai't  III  and 
Plate  IV  that  the  newly  harvested  corn,  dried 
down  immediately,  gave  a  comparatively  high 
per  cent  of  pop-ability  although  not  equal  to 
that  of  December  6th  vhare  naturally  dried  two 
aonthe  longer.    Txioroforc  there  may  possibly 
be  a  Blight  beneficial  change  during  the  first 
tro  i;ionthB  after  harvest.    After  this  period 
as  ticen  by  results  obtained  on  April  7th  there 
ie  a  decreace  in  pop-ability  with  age. 
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Sxperiment  IV 
Maturity  aa  Affecting  Pop-ability 

At  harvest  time  forty  ears,  grawck 
under  the  same  oonditlons,  and  representing 
four  stages  of  maturity  were  carefully  select- 
ed in  the  field.    See  Plate  VI.    These  ears 
were  laheled  and  stored  under  ideal  oonditlons 
until  they  were  popped  the  latter  part  of 
February.    Por  popping  the  samples  in  each 
case  were  taken  from  a  composite  sample  of  the 
ten  ears  representing  each  steige  of  develop- 
ment.   Twenty  grams  were  used  for  popping  in 
eaoh  case  to  eliminate  differences  in  individ- 
ualities of  kernels,  such  as  specific  gravity, 
size,  etc.    Naturally  the  least  mature  kernels 
were  smaller  and  therefore  a  larger  number 
of  kernels  in  the  least  mature  samples.  This 
factor  possibly  makes  the  volume  percentage  in- 
crease appear  somewhat  larger  for  the  least 
mature  kernels.     In  spite  of  this  factor  it  may 
be  seen  (Table  IV)  by  the  average  percentage 
fully  popped  that  the  volume  percentage  increase 
and  the  average  percentage  fully  popped  correspond 
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very  closely.    Taljle  IV  shows  that  ih  case  of 
both  TOlume  percentage  Increase  and  average  per- 
centage fully  popped  it  was  least  for  the  fully 
matured  and  medium  milk  stage  idille  giving  the 
maximum  volume  percentage  Increase  and  highest 
percentage  fully  popped  for  the  early  dough- 
stage.    They  may  he  seen  by  Chart  IV  and  Plat* 
VII. 

From  the  data  it  seems  that  If  the 
com  reaches  the  early  dough  or  dough-state  the 
pop-ability  is  even  better  than  where  fully 
matured.    This  work  does  not  agree  with  that 
as  given  in  the  New  Jersey  Station  Report  (7). 
In  their  work  the  same  number  of  kernels  were 
used  with  variable  factors  of  weight  and  volume 
vftiile  in  this  work  weight  was  constant  with  the 
kernels  varying.    With  the  number  of  kernels 
varying  possibly  the  volume  percentage  increase 
may  appear  high,  yet  basing  conclusions  on  the 
percentile  fully  popped  alone,  the  indications 
are  in  favor  of  the  com  not  fully  matured. 
Possibly  there  is  a  beneficial  change  in  im- 
mature com  after  harvesting.    This  com  was 
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Table  IV 


Maturity  a*  affecting  pop-ability 
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■tored  under  ideal  conditions  after  harvested 
or  otherviee  possi'bly  might  have  heen  injured 
due  to  unfavorable  storage  conditions.  Whether 
it  would  be  advisable  to  advocate  harvesting 
before  fully  matured  is  questionable.    If  not 
stored  under  ideal  conditions  it  may  be  injured. 

Experiment  V 

Kernel  Treatment  as  Affecting 
Pop-ability 

In  this  work  kernels  of  the  same  size 
and  number  were  used,  all  being  selected  from 
a  composite  sample. 

Table  V  gives  the  treatments  and  re- 
sults as  follows: 

1.  A  check,  that  is,  no  treatment  of 
kernel,  was  run  for  a  comparison  in  volume  to 
the  other  kernel  treatments.    In  no  case  did  the 
treated  kernels  equal  the  volume  of  the  check. 

2.  The  kernels  cut  in  halves  length- 
wise made  no  noise  upon  being  heated  but  almost 
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doubled  in  volime  due  to  a  puffing  of  the  kernel. 

3.  The  kernels  out  in  two  croBswiee  gave 
very  little  swelling  in  oae*  of  the  00%  ende  and 
no  noise  (3  a),  upon  heing  heated,  tAiile  the  outer 
ends  (3  h)  gave  a  slight  noise  and  increased  in 
volume  almost  six  times  greater  than  the  oob  ends* 

4.  Where  the  kernels  were  cut  in  one 
quarter  parts  the  portions  from  the  outer  ends  (4  b) 
gave  about  twice  the  volume  as  those  from  the  cob 
ends  (4  a),  there  being  a  greater  puffing  in  case  of 
the  outer  or  densest  portion  of  the  kernel. 

5.  The  whole  kernels  filed  through  the 
skin  longitudinally  increased  in  volume  to  less  than 
one  third  that  of  the  check. 

6.  IJhole  kernels  filed  through  the  skin 
crosswise  gave  a  very  slight  increase  in  volume  over 
that  of  kernels  filed  longitudinally. 

7.  The  whole  kernels  with  skin  removed  only 
puffed,  giving  a  slight  increase  in  volume.  There 
was  no  noise  in  puffing. 

8.  Where  the  germs  were  removed  the  kernels 
increased  in  volume  less  than  one  half  that  of  the 
check.    As  seen  from  above  this  decrease  is  probably 


due  to  a  IsreaJcing  of  the  seed  coat  or  sicin. 

Theee  results  are  Illustrated  in  Plate  7III. 

from  the  alsove  work,  it  is  plain,  that  the 
skin  of  the  grain  exerts  a  very  decided  influence 
on  pop-ahility.    Storer  (8)  conducted  some  similar 
experiments  and  his  conclusions  seem  to  be  con- 
firmed by  this  work.    He  states:     "It  is  plain  that 
the  skin  of  the  grain  exerts  a  very  decided  influ- 
ence on  the  act  of  popping.    It  would  appear,  that 
both  the  structure  of  the  individual  starch  grains 
in  the  kernel  and  th*  toughness  of  the  restraining 
skin  itoich  envelops  them  all,  act  to  control  or 
modify  the  manner  in  which  the  moisture  in  the  starch 
grains  when  suddenly  heated  is  converted  into  steam 
of  such  high  tension  that  the  explosive  act  of  popping 
results,  whereby  both  the  skin  of  the  seed  itself  and 
the  envelopes  of  most  of  the  starch  grains  in  the 
seed  are  ruptured." 

ISxperiment  YI 

Size  of  Kernels  as  Affecting 
Pop-ability 

Prom  a  composite  sample  of  corn  100  kernels 

for  each  sample  were  selected  and  graded.    For  deter- 
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mining  the  aiae  a  wire  gauge  containing  the 
Bizes  as  given  in  Tahle  VI  was  used,  each 
kernel  'being  graded  separately  the  broad  or 
vidth  way  of  kernel. 

As  shown  in  the  table  the  oom  was 
popped  at  the  same  moisture  content  with  the 
same  number  of  kernels  for  eaoh  sample.  Cue 
to  the  fact  that  an  equal  number  of  kernels 
were  used  the  volume  is  smallest  for  the  small- 
est size  kernels,  this  makes  the  volume  percent- 
age increase  appear  large  for  the  small  kernels. 
However,  as  seen  by  the  table  the  average  per- 
centage fully  popped  was  greatest  for  the  same 
sample  as  the  maximum  volume  percentage  in- 
crease.   Therefore  the  data  indicate  that  ex- 
ceptionally large  kernels  do  not  pop  very  well 
while  the  highest  percentage  of  pop-ability  is 
associated  with  kernels  of  medium  to  a  slightly 
smaller  size.     In  other  cases  it  was  noted  that 
exceptionally  large  kernels  only  partially  popped 
or  frequently  only  cracked. 

The  results  obtained  confim  that  data 
from  the  New  Jersey  Station  Report  (7),  but  com 
of  a  pure  variety  was  ubcJ.  in  this  experiment 
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Slae  of  kernels  as  afffe  otlng  pop-ability 

Table  VI 


Saapie  Slje        Vol  .CC    ^  ight       A-^rogp     !fe  ri»  1»  A^rage        ra^  Ayerags     Average      Ave  rags  Popping    Tferosnt  Total  Aver-  Vol.  Aiera^ 

numljB  r  (width)  be  f  ot*    unpoppe  d    peroBnt    nuiate  r    psroent  percent  ps;  roe  nt    psro&nt    peroent  ti»        weight     toI.  age      per-    rol.  ^x- 

inotes    popping  corn.gwB.  aoistuie  total       fully     not     partially  oracled    craole  d  ain.sJO.    lose       CC     vol.    cent    cent  in- 

popiPd    cracl«id    popi@  d    longitud-     crcas-  in                 CC    incite  aae  oxease 
 inally     v^iae  popping  


1 

0.289 

26.0 

20.158 

9.92 

100 

-  35.6 

1.5 

43.0 

14.5 

5.5 

1 

50 

9.94 

160 

166.0 

515 

534.5 

2 

0  .289 

26.0 

19.696 

9.92 

100 

1 

50 

9.49 

170 

554 

3 

0.257 

23.0 

17.564 

9.92 

100 

60.6 

2  .0 

21.5 

14.0 

2.0 

1 

40 

8.32 

180 

184.0 

683 

700.0 

4 

0.257 

23.0 

17.611 

9.92 

100 

1 

40 

8.03 

188 

717 

5 

0.229 

21.0 

15.775 

9.92 

100 

57.5 

1.0 

22.5 

19.0 

0.0 

1 

40 

7.34 

170 

177.5 

710 

756.0 

6 

0.229 

20.5 

14.950 

9.92 

100 

1 

40 

7.14 

185 

802 

7 

0.204 

16.0 

11  .944 

9.92 

100 

66.0 

0.5 

22.0 

11.6 

0.0 

J. 

30 

5.90 

158 

161.5 

837 

909.0 

8 

0.204 

16.0 

11 .460 

9.92 

100 

1 

40 

5.83 

265 

931 

9 

0.182 

12.5 

9.200 

9.92 

100 

57  .0 

0.5 

25.5 

17.0 

0.0 

3 

30 

?>.66 

120 

120.0 

860 

841  ,e 

10 

0.182 

13.0 

9.477 

9.92 

100 

1 

30 

4.82 

1?0 

82e 
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vAicTBS.B  in  the  Ncv  Jeroey  work  cross-hred  eeed 
wuti  used.    Their  work  showed  that  large  kernels 
from  croBB-bred  seed  ■v7ould  not  pop  fully  viiile  In  the 
majority  of  oases  the  eorn  only  parched.    On  the 
other  hand  sia£.ll  size  keinele  popped  fairly  well. 
Probahly  the  factor  cf  large  size  would  have  a  greater 
bearing  where  oroes-bred  seed  is  ueed,  due  to  a  differ- 
ence in  structure. 

See  Chart  V  and  Plate  IX. 

Experiment  VII 

Pop-ability  as  Affected  by  Freezing 
(qo  P)  with  Eii'ferent  Moisture 
Contents 

The  sqmples  were  selected  from  a  oom- 
posite  lot  of  corn  and  all  but  the  check  sub- 
jected to  a  temperature  of  0**  7.    for  sixteen 
hours  in  pill  boxes  placed  in  a  can  immersed  in 
brine.    Samples  three  and  four  were  not  soaiked 
whils  all  the  other  samples  except  the  check  were 
soaked  for  two  and  one  half  hours  in  water  at 
18**  -  20®  C,  >rior  to  being  froaen.    After  soak- 
ing the  samples  were  slowly  dried  to  the  desired 
percentages  of  moisture  before  being  frozen.  Ex- 
actly twenty  grams  was  used  for  each  sample  amd  all 
popped  at  the  same  moisture  content. 
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From  Table  VII  and  Chart  VI  It  may  bo 
seen  that  the  corn  not  tsoaked  but  froxen,  even 
at  a  low  moisture  content,  gave  an  increased 
volume  over  the  cheek.    Where  boaked  and  frozen 
at  higher  moisture  contents  than  the  oheok  there 
was  a  marked  increase  in  volume  in  every  case. 
See  Plate  X.    Also  the  frozen  corn  not  only 
popped  better  but  it  had  a  better  appearcnce,  was 
of  a  fine  quality  and  very  tender.    In  prelimin- 
ary work  where  four  samples  of  com  were  soiJced 
for  two  and  a  half  hours  and  exposed  at  freezing 
temperature  out  of  doors,  the  same  results  were 
obtained. 

A  microscopic  examination  of  soaked  and 
frozen  kernels  seemed  to  indicate  a  mechanical 
rupture  of  the  cells  of  the  endospena,  which  was 
not  shown  in  those  not  so  treated. 

Oeneral  Observations  from  the 
Work  as  a  'ivhole 

Time  Necessary  for  Poppiiig 
Qood  corn  should  pop  in  1^  to  if  min- 
utes, however  it  may  require  3  minutes  with  hi^ 
percentages  of  moisture.    In  the  latter  dase  the 
corn  probably  dries  out  to  about  the  proper  per 
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Xffbot  on  pop-ability  of  fTeexing  (O^f)  at  dlfftfxent  moistu9  ooQtB  nts  (l) 
Tablg  YII   

Sanpie     Moistuiv        Ifent'la    Tterocnt    Tterc?nt    Tferoent      T^rcPnt      Tte  rce  nt    Popping      I^roent    Total  VoluaK 
nuabsr    piroent         nuBber      fully  not      partially    eraclr  d    craok:  d       ti»         weltrht     rolu*     ip  roB  nt 

at  tlnr  of    total       pops^tf      eraok*  d    popjed     longitud-    croea.    mln.  see*    lo«»  in     CC  inpxeaaa 


free  zin^ 

inally 

«i«0 

popping 

1 

2 

Mot  fro*  or 
scalp  d 

i.U  •OV 

129 
135 

32.56 
28. S8 

0.78 
0.0 

48.06 
51.11 

18.60 
18.52 

0.0 
1.48 

\  z 

40 
40 

9.84 
9.84 

220 
220 

633 
633 

3 
4 

Hot  soalp  d 
but  fro* 
10.59 

132 
132 

32.58 
40.16 

0.0 
1.52 

50.76 
44.70 

16.67 
13.64 

0.0 
0.0 

40 
40 

9.84 
9.84 

23« 

225 

667 

650 

5 

11.61 

133 

66.92 

1.50 

22.56 

9.02 

0.0 

40 

10.62 

315 

960 

6 

12.63 

129 

56.14 

0.78 

24  .03 

17.05 

0.0 

40 

10.84 

286 

850 

7 

13.57 

ISO 

59.23 

2.31 

26  .90 

11 .54 

0.0 

4C 

10.67 

<  98 

883 

8 

14  .96 

131 

57.25 

3.82 

23  .66 

15.27 

0*8 

1  - 

40 

10.67 

265 

850 

9 

16  .34 

132 

47  .73 

0.76 

41.67 

9 .85 

0  .0 

40 

10*67 

«:oO 

10 

16.2JS 

126 

57  .14 

1  .59 

26  .19 

15.08 

0  .0 

40 

10  •em 

{COS 

oOO 

11 

19  .55 

132 

69.70 

2.27 

17.42 

10.61 

0.0 

40 

11  .06 

1017 

12 

20.21 

134 

49.25 

0.75 

37.31 

12.69 

0.0 

40 

10.51 

285 

850 

13 

21.21 

129 

67.44 

4.65 

13.18 

14  .73 

0.0 

40 

11  .06 

365 

1117 

14 

23  .31 

128 

64.84 

1.56 

21.88 

11.72 

0.0 

40 

10.95 

335 

1017 

15 

24.80 

132 

57.68 

2.27 

21.97 

18.18 

0.0 

40 

10.51 

300 

900 

18 

25.19 

133 

54.89 

2.26 

30.83 

12.03 

0.0 

40 

10.78 

300 

900 

17 

26.07 

134 

50*75 

2.24 

29.85 

17.16 

0.0 

40 

10.78 

290 

867 

18 

27.40 

129 

59.69 

2.33 

22.48 

15.50 

0.0 

40 

10.84 

310 

933 

19 

27  .41 

127 

39.37 

0.79 

33.86 

25.98 

0.0 

40 

10.28 

265 

783 

80 

28.28 

130 

44.62 

3.85 

27.69 

23.85 

0.0 

40 

10.84 

280 

833 

(l)    All  popped  with  10.59^  noistuie 
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coRt  for  iiorisal  popping  ijefore  It  ^ill  pop 
or  oraok. 

Lose  in  Teight  in  Popping 

Tiie  lose  of  waislit  in  popping  ie 
greater  where  the  oom  contains  a  high  per- 
centage of  moisture.    Below  the  optimum  per- 
centage for  the  best  popping  the  loss  in 
weight  is  very  oonmonly  greater  than  the  moist- 
ure content  of  the  com,  prohahly  due  to  a 
charring. 

Temperatum 
An  idea  of  the  extreme  hi^^h  temper- 
ature required  for  popping  was  obtained  while 
conducting  moisture  detenninationB  by  the  Brown 
Duval  method.    It  was  noted  that  the  oom  im- 
mersed under  the  oil  bath  popped  at  a  temper- 
ature between  165*  -  180*>  C. 


PLATE  I 
METHOD  OF  POPPIHO 


PLATE  U 


Type  of  Corn  Used 


Ol 

o 


PLATE  IV 


See  Table  II  for  moisture 
percentages 


PLATE  V 


AGE  AS  AFFECTING  POPABILITY 

3-4    ^-M  17-18   4?-')G  29-30  47-^8  25EG  49-50 


A. 


See  Table  III  for  ag« 


PLATE  VI 

MATURITY  AS  AFFECTING  POP-ABILITY 


PLATE  VII 
MATURITY  AS  ABTECTING  POP-ABILITY 


PLATE  IX 


3\ZE  AS  AFFECTING  POP-AB/L/TY 

himlit  ^)anil4  ilr/nriG  liintiB  "dandlO 


For  size  see  TalJle  VI 
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SUMMARY  AND  CONCLUSIOITS 

That  many  factors  may  affect  tb.* 
pop-ability  of  pop  corn  is  shown  Toy  this  work 
and  results  obtained  toy  previous  workers. 

The  economic  value  or  necessity  of 
controlling  the  factors  \*iich  affect  the  pop- 
ability  may  be  realized  by  the  following  con- 
clusions: 

1.  Moisture:    That  pop  com  pops 
best  at  about  twelve  per  cent  of  moisture  was 
shown  in  this  work  by  extensive  experiments. 
The  right  percentage  of  moisture  is  a  very 
essential  factor  for  the  best  pop-ability  due 
to  the  fact  that  the  optimum  moisture  for 
popping  varies  within  a  few  per  cent  from  twelve. 
In  case  of  newly  harvested  com  artificially 
dried  the  indications  were  that  moisture  is 

the  chief  factor  affecting  the  pop-ability  of 
new  oom. 

2.  Age:    Experiments  conducted  to 
determine  the  effect  of  age  on  pop-ability  in- 
dicated that  there  may  be  a  slight  beneficial 
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ohang*  conducive  to  pop-ability  during  the  first 
two  months  after  harvest.    After  this  period  it 
seems  that  pop-ahility  decreases  with  age. 

3.  Maturity:    Indications  were  that 
if  the  com  reaches  the  early  do\agh  or  dough- 
8ta||e  the  pop-ahility  is  even  better  than  where 
fully  matured.    Possibly  there  is  a  beneficial 
change  in  immature  com  after  harvesting.  Whether 
it  would  be  advisable  to  advocate  harvesting  be- 
fore fully  matured  is  questionable.    If  not 
stored  under  ideal  conditions  it  may  be  injured. 

4.  Kernel  treatments:    The  skin  of  the 
grain  exerts  a  very  decided  influence  on  pop- 
ability  as  shown  by  any  injury  or  rupture  of  the 
seed  ooat.     It  seems  that  both  the  structure  of 
the  individual  starch  grains  in  the  kernel  and 
the  toiighness  of  the  restraining  skin,  act  to 
control  the  manner  in  which  the  moisture  in  the 
starch  grains,  T*ien  suddenly  heated  is  converted 
into  steam  of  such  high  tension  that  the  explosive 
act  of  popping  results. 

5.  Size:    Exceptionally  large  kernels 
do  not  pop  well  trtiile  the  highest  percentage  of 
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pop-a'bllity  seems  to  be  associated  with  kernels 
of  medium  to  a  slightly  smaller  slae* 

6.    freezing:    Indloatlons  in  all  eases 
pointed  to  the  fadt  that  freezing  was  benefioial, 
giving  an  increase  in  voluiae  as  well  as  hetter 
appearance,  and  very  tender.    A  miorosoopie  ex- 
amination of  soaked  and  frozen  kernels  seemed  to 
indicate  a  mechanical  rupture  of  the  cells  of  the 
endosperm,  which  was  not  shown  in  those  not  so 
treated.    Whether  the  mechanical  rupture  of  the 
cell-walls  decreases  the  resistance  in  the  in- 
terior of  the  kernel,  thereby  causing  more  of  the 
cells  to  rupture  and  improve  the  pop-ability,  or 
whether  there  are  other  factors  is  a  subject  for 
further  investigation. 
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